1. Introduction
===============

Fetal growth retardation (FGR) is defined as a fetus has not reached its intrauterine growth potential, and affects about 5% to 10% of pregnancies, which not only results in perinatal problems (such as perinatal asphyxia and persistent pulmonary hypertension), but also leads to increased risk of postnatal complications such as hypoglycemia and feeding difficulties.^\[[@R1]--[@R5]\]^ The current clinical strategy to screen for FGR is according to the estimated fetal weight in ultrasound scans, while sensitivity of universal ultrasound may be not satisfactory enough and misdiagnosis may occur, making FGR still a challenging problem.^\[[@R5]\]^ Hence, exploring more convincing and sensitive biomarkers for assisting fetal surveillance and predicting FGR risk is needed.

microRNAs, the small non-coding RNAs that degrade target genes by targeting the 3′-untranslated region of mRNAs, play important roles in the regulation of gene expression at the post-transcriptional level, which are widely investigated as potential biomarkers for plentiful diseases.^\[[@R6],[@R7]\]^ microRNA-206 (miR-206), located on chromosome 6 in a bicistronic cluster, is well known as a muscle specific microRNA and believed to be a key regulator for myogenic differentiation, which is found to be increased in the serum and placenta of pregnancies who later develops preeclampsia and could predict increased risk of Duchenne muscular dystrophy (DMD) as well as correlates with decreased muscle strength in DMD children, indicating that miR-206 might be involved in the intrauterine growth or postnatal development.^\[[@R6],[@R8],[@R9]\]^ Besides, as a direct target of miR-206,^\[[@R9]--[@R11]\]^ vascular endothelial growth factor (VEGF) (that is an important angiogenesis regulator that accelerate angiogenesis and promote endothelial cell division) act as a crucial factor for embryo implantation and placental development.^\[[@R12],[@R13]\]^ Meanwhile, previous data have shown the both serum VEGF level in pregnancies and cord blood plasma VEGF level are positively correlated with birth weight of infants and might predict FGR risk.^\[[@R14],[@R15]\]^

Based on the above observations, we hypothesized that miR-206 might be involved in the occurrence of FGR through regulating VEGF, and the miR-206/VEGF axis might play a crucial role in predicting FGR risk, while related evidence has not been reported. Thus, this study aimed to investigate the correlation of miR-206, VEGF and miR-206/VEGF axis at different gestational ages with FGR risk in pregnancies.

2. Methods
==========

2.1. Participants
-----------------

Between January 2015 and June 2018, 820 pregnancies who were gestated within 8 weeks and underwent prenatal examination in People\'s Hospital of Rizhao were consecutively recruited in this study. The inclusion criteria were:

1.  confirmed gestational age ≤ 8 weeks;

2.  singleton pregnancy;

3.  age between 20 and 35 years old;

4.  willingness to participate in this study;

5.  able to regularly return hospital for prenatal examinations.

The exclusion criteria were:

1.  had pregnancy complications (such as pregnancy hypertension, diabetes, or kidney disease);

2.  history of reproductive system surgery or malignancies;

3.  severe infections (e.g., human immunodeficiency virus).

This study was approved by the institutional review board of People\'s Hospital of Rizhao. Written informed consent was collected from all participants before enrollment.

2.2. Data and sample collection
-------------------------------

After providing the written informed consents, the participants' basic characteristics including age, gestational age at delivery, smoking, gestational diabetes mellitus, gestational hypertension, history of FGR, number of gravidities, number of births, and number of abortions were collected. And the peripheral blood samples of all participants were collected at early pregnancy (gestational age ≤ 13 weeks), middle pregnancy (gestational age: 14--27 weeks) and late pregnancy (gestational age ≥ 28 weeks), respectively. After collection, the blood samples were immediately centrifuged at the condition of 1600 g (4°C) for 10 min, then the supernatants were separated and further centrifuged at 16,000 g (4°C) for 10 min. Finally, the plasma was obtained and stored at −80°C until determination.

2.3. Real-time quantitative polymerase chain reaction (qPCR)
------------------------------------------------------------

The relative expression of miR-206 in plasma was detected by qPCR. First, total RNA was extracted from plasma using TRIzol Reagent (Invitrogen, Waltham, MA). Then, reverse transcription to cDNA was conducted by RT-PCR Quick Master Mix (Toyobo, Osaka, Kansai, Japan). Using QuantiNova SYBR Green PCR Kit (Qiagen, Duesseldorf, Nordrhein-Westfalen, German), qPCR procedure was performed. Besides, U6 was applied as the internal reference, and sequences of primers used in qPCR were as follows: miR-206, forward primer: ACACTCCAGCTGGGTGGAATGTAAGGAAGT, reverse primer: TGTCGTGGAGTCGGCAATTC. U6, forward primer: CTCGCTTCGGCAGCACATATACTA, reverse primer: ACGAATTTGCGTGTCATCCTTGC.

2.4. Enzyme-linked immunosorbent assay (ELISA)
----------------------------------------------

The level of VEGF in plasma was detected by ELISA with the use of a commercial human VEGF ELISA Kit (Abcam, Cambridge, MA). All procedures were conducted according to the manufacturer\'s protocol. The plasma samples were added to wells, followed by the antibody mixture. After incubation, the wells were washed to remove unbound material. Then tetramethylbenzidine substrate was added in the wells, subsequently, the wells were incubated at room temperature. After stop solution was added, the intensity was measured at 450 nm wavelengths on microplate reader (BioTek, Winosky, VT).

2.5. FGR definition
-------------------

FGR was diagnosed by the obstetricians and neonatologists with the considering of the actual birth weight of fetus and the medical history and diet of pregnancies. According to the criteria of FGR in *Obstetrics and Gynecology (2nd edition, People\'s medical publishing house)*, FGR was defined as fetal birth weight less than 2500 g with a gestational age\> 37 weeks, or actual fetal weight less than the 10th percentile of the weight of the fetus with same gestational age and sex, or actual fetal weight below 2 standard deviations of the mean weight of the fetus with same gestational age and sex.^\[[@R16]\]^ And according to the diagnosis of FGR, pregnancies were classified into FGR group and non-FGR group.

2.6. Statistical analysis
-------------------------

Continuous variables were expressed as mean ± standard deviation (SD) and categorical variables were presented as count (percentage). Comparisons of continuous variables between FGR group and non-FGR group were determined by the Student\'s *t* test or Wilcoxon rank sum test. Comparisons of categorical variables between FGR group and non-FGR group were determined by Chi-square test. Comparisons of continuous variables among early pregnancy, middle pregnancy and late pregnancy were analysed by Kruskal--Wallis H rank sum test. Correlation of miR-206 relative expression with VEGF expression was determined by Spearman\'s rank correlation test. The performance of miR-206, VEGF and miR-206/VEGF axis in predicting FGR was evaluated using receiver operating characteristic (ROC) curves and the area under the curve (AUC) with 95% confidence interval (CI). All analyses were performed using SPSS 24.0 software (IBM, Chicago, IL) and figures were made using GraphPad Prism 7.01 software (GraphPad Software, San Diego, CA). *P* value \< .05 was considered significant.

3. Results
==========

3.1. Clinical characteristics of pregnancies
--------------------------------------------

Eight hundred twenty pregnancies with mean age of 28.8 ± 4.5 years were enrolled in this study (Table [1](#T1){ref-type="table"}). Besides, 135 (16.5%), 284 (34.6%), 292 (35.6%), 100 (12.2%), and 9 (1.1) pregnancies had 1, 2, 3, 4, and 5 gravidities, respectively. For the number of births, 520 (63.4%), 286 (34.9%), and 14 (1.7%) pregnancies had 1, 2, and 3 births respectively. Additionally, 177 (21.6%), 400 (48.8%), 239 (29.1%), and 4 (0.5%) pregnancies suffered 0, 1, 2, and 3 abortions, respectively. Moreover, pregnancies were classified into FGR group (n = 74) and non-FGR group (n = 746) according to the diagnosis of FGR. Compared to non-FGR group, age (*P* \< .001), number of gravidities (*P* \< .001) and number of abortions (*P* \< .001) were all increased in FGR group, while gestational age at delivery (*P* \< .001) was shorter in FGR group, and no difference of smoking (*P* = .747), gestational diabetes mellitus (*P* = .725), gestational hypertension (*P* = .784), history of FGR (*P* = .360), number of births (*P* = .068) was observed between the two groups.
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3.2. Correlation of miR-206 expression and VEGF expression in early, middle, and late pregnancies
-------------------------------------------------------------------------------------------------

miR-206 expression was negatively correlated with VEGF expression in early pregnancies (*P* \< .001, *r* = −0.384) (Fig. [1](#F1){ref-type="fig"}A). Additionally, miR-206 expression was also negatively correlated with VEGF expression in middle pregnancies (*P* \< .001, *r* = −0.426) (Fig. [1](#F1){ref-type="fig"}B) and late pregnancies (*P* \< .001, *r* = −0.450) (Fig. [1](#F1){ref-type="fig"}C).

![miR-206 expression negatively correlated with VEGF expression in early, middle and late pregnancies. Correlation of miR-206 expression with VEGF expression in early pregnancies (A). Correlation of miR-206 expression with VEGF expression in middle pregnancies (B). Correlation of miR-206 expression with VEGF expression in late pregnancies (C). Correlation of miR-206 expression with VEGF expression was determined by Spearman\'s rank correlation test. miR-206, microRNA-206; VEGF, vascular endothelial growth factor. *P* \< .05 was considered significant.](medi-99-e18897-g002){#F1}

3.3. Comparison of miR-206, VEGF and miR-206/VEGF axis among early, middle, and late pregnancies
------------------------------------------------------------------------------------------------

The median miR-206 expression in early, middle and late pregnancies was 1.058 (0.791--1.395), 1.324 (1.019--1.756), and 1.551 (1.224--2.047), respectively, and the miR-206 expression raised along with the increased gestational age (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}A). Moreover, VEGF expression in early, middle and late pregnancies was 84.8 (66.4--106.9), 62.7 (49.0--78.4), and 49.8 (38.3--60.2), respectively, and VEGF expression decreased along with the increased gestational age (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}B). Besides, miR-206/VEGF axis in early, middle and late pregnancies was 0.013 (0.008--0.019), 0.022 (0.014--0.033), and 0.032 (0.023--0.048), respectively, and it was elevated along with increased gestational age (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}C).

![Detection of miR-206, VEGF, and miR-206/VEGF axis in early, middle, and late pregnancies. miR-206 expression in early, middle and late pregnancies (A). VEGF expression in early, middle, and late pregnancies (B). miR-206/VEGF axis in early, middle and late pregnancies (C). Comparison among groups was determined by Kruskal--Wallis H rank sum test. miR-206, microRNA-206; VEGF, vascular endothelial growth factor. *P* \< .05 was considered significant.](medi-99-e18897-g003){#F2}

3.4. Comparison of miR-206, VEGF and miR-206/VEGF axis between FGR and non-FGR pregnancies
------------------------------------------------------------------------------------------

miR-206 expression was increased in FGR group compared to non-FGR group in early pregnancies (*P* = .022), middle pregnancies (*P* \< .001), and late pregnancies (*P* \< .001) (Fig. [3](#F3){ref-type="fig"}A). As to VEGF, its expression was reduced in FGR group compared to non-FGR group in early (*P* = .001), middle (*P* \< .001), and late pregnancies (*P* \< .001) (Fig. [3](#F3){ref-type="fig"}B). For miR-206/VEGF axis, it was elevated in FGR group compared to non-FGR group in early (*P* = .002), middle (*P* \< .001), and late pregnancies (*P* \< .001) (Fig. [3](#F3){ref-type="fig"}C).

![Detection of miR-206, VEGF, and miR-206/VEGF axis in FGR and non-FGR pregnancies. Comparison of miR-206 expression between FGR group and non-FGR group in early, middle, and late pregnancies (A). Comparison of VEGF expression between FGR group and non-FGR group in early, middle, and late pregnancies (B). Comparison of miR-206/VEGF axis between FGR group and non-FGR group in early, middle and late pregnancies (C). Comparison between groups was determined by Wilcoxon rank sum test. miR-206, microRNA-206; VEGF, vascular endothelial growth factor; FGR, fetal growth retardation. *P* \< .05 was considered significant.](medi-99-e18897-g004){#F3}

3.5. Predictive value of miR-206, VEGF and miR-206/VEGF axis for FGR risk
-------------------------------------------------------------------------

ROC curves displayed that miR-206 at early pregnancy could predict raised FGR risk, while the predictive value was relatively low (AUC: 0.581, 95% CI: 0.506--0.655). Besides, miR-206 at middle pregnancy (AUC: 0.764, 95%: 0.703--0.825) and late pregnancy (AUC: 0.894, 95% CI: 0.855--0.933) both exhibited good predictive values for increased FGR risk. And miR-206 at late pregnancy showed the numerically highest predictive value for raised FGR risk (Fig. [4](#F4){ref-type="fig"}A). Moreover, VEGF low expression at early pregnancy presented with a weak predictive value for higher FGR risk (AUC: 0.615, 95% CI: 0.541--0.698), while VEGF low expression at middle pregnancy (AUC: 0.782, 95% CI: 0.730--0.870) as well as late pregnancy (AUC: 0.909, 95% CI: 0.877--0.940) showed good predictive values for increased FGR risk, and this index at late pregnancy exhibited the numerically highest predictive value for FGR risk (Fig. [4](#F4){ref-type="fig"}B). Furthermore, miR-206/VEGF axis at early pregnancy could predict increased FGR risk (AUC: 0.607, 95% CI: 0.533--0.680), whereas miR-206/VEGF axis at middle pregnancy (AUC: 0.816, 95% CI: 0.763--0.870) and late pregnancy (AUC: 0.928, 95% CI: 0.901--0.956) had stronger predictive values for increased FGR risk, and this index at late pregnancy presented with the numerically highest predictive value for raised FGR risk (Fig. [4](#F4){ref-type="fig"}C).

![ROC curves. Predictive values of miR-206 at early, middle, and late pregnancy for FGR risk (A). Predictive values of VEGF at early, middle, and late pregnancy for FGR risk (B). Predictive values of miR-206/VEGF axis at early, middle, and late pregnancy for FGR risk (C). Performance of miR-206, VEGF, and miR-206/VEGF axis in predicting FGR was evaluated using ROC curves and AUC with 95% CI. ROC, receiver operating characteristic; miR-206, microRNA-206; VEGF, vascular endothelial growth factor; FGR, fetal growth retardation; AUC, area under the curve; CI, confidence interval.](medi-99-e18897-g005){#F4}

4. Discussion
=============

miR-206, as a member of the "myomiR" family that regulates myogenesis and striated muscle growth, has been found to be involved in the pathologies wherein muscular disorder is involved.^\[[@R17]\]^ For instance, miR-206 represses osteogenic differentiation of bone marrow mesenchymal stem cells via targeting glutaminase, and represses hypertrophy of myogenic cells through suppressing histone deacetylase 4.^\[[@R18],[@R19]\]^ Notably, an interesting experiment pays attention to the role of miR-206 in pregnant period, which displays that miR-206 inhibits brain-derived neurotrophic factor (BDNF) through targeting 3′-untranslated region (3′-UTR) in pregnant hypothyroid rats, and decreased BDNF is frequently reported to be closely related to reduced birth weight, suggesting that miR-206 may be involved in the pathology of restrained fetal growth.^\[[@R20],[@R21]\]^ Besides, in clinical data, a previous study discloses that miR-206 in found overexpressed in both serum and placenta of 28-week samples of women who later develops preeclampsia, along with decreased expressions of miR-206 target genes.^\[[@R6]\]^ Moreover, a study shows that miR-206 predicts increased DMD risk, and miR-206 high expression is associated with lower muscle strength and muscle function in DMD children.^\[[@R8]\]^ These studies indicate that miR-206 overexpression not only correlates with decreased muscle function in children but also correlates with placental abnormality in pregnancies. Hence, we speculated that miR-206 might played a role in the abnormal fetal growth, especially FGR, while related evidence is seldomly reported. To validate this hypothesis, our study investigated miR-206 expression in pregnancies at different gestational age, and compared the miR-206 expression between FGR pregnancies and non-FGR pregnancies. We observed that miR-206 expression was raised along with the increased gestational age, meanwhile, it was overexpressed in FGR pregnancies and predicted elevated FGR risk in early, middle as well as late pregnancies. Moreover, miR-206 at late pregnancy presented with the numerically highest predictive value for raised FGR risk. These results might be due to:

1.  miR-206 might downregulate some growth factors (such as BDNF and transforming growth factor to restrict the normal cell differentiation and epithelial development) which further repressed the fetal growth and increased FGR risk^\[[@R20],[@R21]\]^;

2.  miR-206 might downregulate its target factor (such as VEGF as we displayed in our data), thereby inhibited angiogenesis and contributed to placental insufficiency, thus miR-206 predicted higher FGR risk^\[[@R9]--[@R11]\]^;

3.  under normal circumstance, vascular structure of the placenta and utero-placental blood flow extended more progressively during late pregnancy compared to early pregnancy and middle pregnancy due to the growing needs of the fetus, while miR-206 repressed angiogenesis and led to endothelial damage, which would impede the utero-placental blood flow and the fetal growth, thus the restriction on fetal growth induced by miR-206 might be more remarkable at late pregnancy compared to earlier gestational age, and miR-206 at late pregnancy showed stronger predictive value for FGR risk compared to early pregnancy and middle pregnancy numerically.^\[[@R22]\]^

VEGF plays an important role in physiological or pathological antiogenesis, and recently, it has been reported to be involved in the placental antiogenesis.^\[[@R23],[@R24]\]^ For example, an experiment shows that VEGF delivery to placental basal plate is able to promote the uterine artery remodeling, which facilitates the fetal growth in the primate.^\[[@R23]\]^ Besides, a study discloses that inhibition of VEGF impairs VEGF signaling and diminishes vascularization in the placenta and fetal organs, which further induces abnormal architecture in the retinal vascular network and causes FGR in pregnant mice.^\[[@R24]\]^ These data emphasize that VEGF may participate in the pathology of FGR. As to the related clinical data, a study displays that serum VEGF level in pregnancy-induced hypertension syndrome patients is positively correlated with neonatal weight and Apgar score of infants.^\[[@R14]\]^ And another study shows that cord blood plasma VEGF level is positively correlated with birth weight and head circumference in premature infants.^\[[@R15]\]^ These clinical data reveal that VEGF expression may positively correlated with the birth weight of infants, while the direct evidence about the association of VEGF with FGR occurrence is limited, especially the evidence about the role of VEGF in FGR pregnancies at different gestational ages. In our study, we detected the VEGF level in pregnancies at their different gestational ages (early, middle, and late), and we found that VEGF expression was decreased along with the increased gestational age, moreover, We observed that VEGF expression was reduced along with the increased gestational age, meanwhile, it was under-expressed in FGR pregnancies and its low expression predicted higher FGR risk in early, middle as well as late pregnancies. Furthermore, VEGF low expression at late pregnancy showed the numerically highest predictive value for raised FGR risk. The possible reasons for these results might be that:

1.  VEGF promoted the uterine artery remodeling and enhanced the vascularization in the placenta and fetal organs, thereby facilitated the fetal growth and decreased FGR occurrence, thus the insufficient VEGF might failed to decreased FGR occurrence and predicted higher FGR risk^\[[@R23],[@R24]\]^;

2.  VEGF not only maintained the proangiogenic effect but also neutralized the normal antiangiogenic environment at late pregnancy due to the secretion of antiangiogenic factors (like sFlt1), which was not appeared at earlier gestational age, therefore, more VEGF was required at late pregnancy for rapid fetal growth, conversely, the insufficient VEGF at late pregnancy would result in severer defective angiogenesis compared to earlier gestational age, thus the predictive value of VEGF low expression at late pregnancy for raised FGR risk was stronger compared to VEGF low expression at early or middle pregnancy numerically.^\[[@R25]\]^

According to indications revealed in previous studies, miR-206 may be involved in the intrauterine growth, meanwhile, its direct target, VEGF, is regarded as a crucial factor for placental development and reported to potentially predict FGR risk. Thus, we speculated that miR-206 might participate in the occurrence of FGR via interacting with VEGF, and the miR-206/VEGF axis might facilitate predicting FGR risk, however, the limited evidence had been reported. Hence, we explored the association of miR-206 expression with VEGF expression, and further investigated the correlation of miR-206/VEGF axis with FGR risk in pregnancies at different gestational ages. We observed that miR-206 expression was negatively correlated with VEGF level in early, middle as well as late pregnancies, and the miR-206/VEGF axis was elevated along with the increased gestational age. Moreover, miR-206/VEGF axis presented with good predictive value for FGR risk, which was numerically higher compared to miR-206 or VEGF alone, suggesting that miR-206/VEGF axis might act as a more convincing and sensitive biomarker for diagnosis of FGR. Additionally, miR-206/VEGF axis at late pregnancy had better predictive value for FGR risk compared to miR-206/VEGF axis at early pregnancy and middle pregnancy numerically, which might be on account of that: both overexpressed miR-206 and insufficient VEGF inhibited angiogenesis and contributed to placental insufficiency, while fetal growth during late pregnancy needed normal angiogenesis and placental blood flow more than ever, thus the elevated miR-206/VEGF axis at late pregnancy would lead to severer placental insufficiency and worse restriction on fetal growth compared to earlier gestational age, and the predictive value of miR-206/VEGF axis at late pregnancy for higher FGR risk was stronger compare to early pregnancy and middle pregnancy numerically.

Some limitations still existed in our study:

1.  this was a single-center study, which might have some selective bias;

2.  although we disclosed the negative correlation of miR-206 and VEGF expressions, the detailed mechanism of miR-206/VEGF axis in FGR was not investigated.

Further multi-center study is needed to verify our results, and molecular mechanisms of miR-206/VEGF axis in FGR needed to be explored.

In conclusion, miR-206 predicts raised FGR risk through interacting with VEGF in pregnancies, and it may serve as a novel biomarker for FGR prevention.
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